Introduction
Halichondria panicea (Pallas, 1766) , commonly known as the breadcrumb sponge, is a widespread species in the coastal waters of the North Atlantic, Mediterranean Sea and North Pacific (Erpenbeck et al., 2004) and is also known from the Indian Ocean (Purushottama et al., 2009) . The substances exuded into seawater by H. panicea and the extracts obtained from this sponge were shown to have high biological activity. The excretory-secretory products (ESPs) of H. panicea exhibit a larvicidal effect (Dyrynda, 1983) and the extracts from this sponge are toxic for human and chicken erythrocytes (Purushottama et al., 2009 ) and for cell cultures of mouse lymphoma (Althoff, 1998) . The extracts from H. panicea also have antimicrobial effects (Thompson et al., 1985) and the proteins isolated from these extracts were shown to act as neuromodulators (Purushottama et al., 2009) . Some products of the Streptomyces strain HB202, which were isolated from the sponge H. panicea from the Baltic Sea, exhibit antibacterial activity against several pathogenic bacteria and cytotoxic activity against eight human cancer cell lines. These products have been identified as streptophenazines and mayamycin (Schneemann et al., 2010; Kunz et al., 2014) .
The concentration of toxic substances in sponges of the same species is known to vary with season and geographic region (Althoff, 1998; Page et al., 2005) . The colonies of H. panicea living at the margin of the distribution range of this species, in the subarctic regions, for instance, off the shores of Alaska (Knowlton and Highsmith, 2005) or in the White Sea (Gerasimova and Ereskovsky, 2007 ; Khalaman and Komendantov, 2011), remain largely unexplored in this respect. Never-theless, a few existing studies on the subject suggest that the sponges living in polar and subpolar regions can be a promising source of both new and known biologically active substances, to an extent comparable with those sponges that inhabit temperate and tropical seas (Abbas et al., 2011) .
Our previous studies have demonstrated that the substances exuded into seawater by H. panicea living in the White Sea induce settlement but inhibit larval metamorphosis in the bivalve Mytilus edulis L. (Khalaman et al., 2009) and the ascidian Styela rustica L. (Khalaman et al., 2008) , which eventually results in the death of the larvae. The ESPs of the sponge were also lethal to the larvae of conspecifics (Khalaman et al., 2014) . Despite some evidence of toxic effects of the substances produced by the White Sea sponge H. panicea, the cytotoxic character of these effects remains hypothetical. Because a cytotoxic impact of extracts from H. panicea inhabiting the Adriatic, the Arabian, the Baltic and the North Seas was revealed (Althoff, 1998; Purushottama et al., 2009 ), a cytotoxic activity of the extract from the White Sea sponge was expected. However, it must be verified. For this reason, the aim of the present study was to test the hypothesis that the extracts from H. panicea living in the White Sea have a cytotoxic or cytostatic effect on the tissues of vertebrate animals.
Material and Methods

SAMPLING
The sponge Halichondria panicea was sampled in June 2017 from the fouling on nylon ropes placed at a depth of 1-3 m in Krivozerskaya Bay located near the White Sea Biological Station of the Zoological Institute, Russian Academy of Sciences (N 66°20.24′, E 33°38.21′) (Kandalaksha Bay of the White Sea).
PREPARATION AND FRACTIONATION OF EXTRACTS
Freshly collected specimens of H. panicea were rinsed with sea water and then with fresh water in order to remove dirt and sea salt. During rinsing, all associated macroorganisms and detritus were carefully removed. The sponge was then slightly squeezed and sliced into fragments of about 1 cm 3 to obtain crude material with 83 % moisture content. Eight hundred g of wet weight of the sliced sponge was placed in a glass 2.5 L container, 1.2 L (40 % / 60 %) of acetone-methanol mixture was added and the container was left for 5 days at 25 °С. The extract was filtered through a coarse cotton-wool filter to produce 950 mL of clear light-yellow solution. This filtrate was concentrated to a volume of 100 mL on a rotary evaporator at a temperature not higher than 70 °С. The concentrate was extracted 3 times with 30 mL of dichloromethane. The dichloromethane phases were dis-carded and the aqueous solution was evaporated on a rotary evaporator under reduced pressure at a temperature not higher than 70 °С until a resinoid substance was obtained. This product was held for 4 h at the final pressure of 1 mBar until water and residual solvents were completely removed. The resulting brown, pungent-smelling amorphous product (18.7 g) was transferred to an airtight glass vial and was stored at room temperature. The output of the product by weight was 2.3 % of the original wet material or 13.7 % of the dry sponge. When a small aliquot of product was dissolved in water, it produced a light yellow solution with weak opalescence.
CYTOSTATIC ASSAY
The assay of the cytostatic effect produced by the H. panacea extract was performed using organotypic cultures of tissue fragments (Freshney, 1994; Chalisova and Zhekalov, 2015) . The liver of adult male Wistar rats with a body weight of 250-300 g was chosen as a test tissue. All procedures were carried out under local institutional guidelines (Pavlov Institute of Physiology RAS Animal Welfare and Ethical Review Board). The study was conducted in five methodologically equivalent experiments started on 17, 19, 23, 25 and 27 July 2017. Each experiment used a liver from a different individual (total n = 5).
The following design was used in each individual experiment. Rat liver was dissected out in sterile conditions and was divided into fragments of about 1 mm 3 . Each fragment was placed in a separate Petri dish coated with polylysine. The control dishes were incubated with 3 mL of culture medium. The culture medium consisted of 35 % Eagle medium, 35 % Hank's solution, and 25 % fetal calf serum. The medium was supplemented with glucose (0.6 %) and gentamicin (100 U/mL). Test dishes were incubated with the same volume of a similar cultivation medium containing the sponge extract at concentrations of 0.5, 1.0, 1.5 or 2.0 mg per mL of the medium. For each of the four concentrations and controls, six replicates were used.
Explants were incubated in Petri dishes for 3 days at 37 °С under 5 % СО 2 . During the incubation, the explants flattened out (rat liver tissue fragments) and the proliferative and migrating cells constituting the growth zone expanded from the margin of the explant. The peripheral growth zone and the central area occupied by the initial transplant were visually different and readily identifiable under a phase-contrast microscope. After the period of exposure, tissues were assessed for their relative growth (RG) using the following formula: RG = (SF -SI)/SI, where SI is the initial area of the explant corresponding to its central zone and SF is the final area of the CELL BIOLOGY explant corresponding to the sum of the areas of the central and growth zones. The explants were visualized using a microtele-attachment for the microscope (series 10, MTN-13) produced by Al'fa_Telekom (Russia). The analysis of the images was performed using free software PhotoM 1.2 (http://www.t_lambda.chat.ru) (Russia).
STATISTICAL ANALYSIS
The effects of the hydrophilic fraction of crude extract and experimental series on the relative growth (RG) of liver tissue (dependent variables) were tested using twoway ANOVA. The concentration of the sponge extract in the cultivation medium and serial number of experiment were selected as categorical factors. Data were first evaluated to ensure that the assumptions for ANOVA were met. Cochran's C test was used to check homogeneity of variance. Normality of distribution was tested using the Kolmogorov-Smirnov test. Comparisons of the means were made using post-hoc LSD test. Significance level was set at Р = 0.05. Mean values were given with their standard errors. Data were processed using STA-TISTICA TM software (StatSoft) Release 7.
Results
The H. panicea extract has a clear negative dose-dependent effect on rat liver explants (Fig. 1) . When the extract concentration in the culture solution is 2 mg/mL, the growth zone on the explants is almost absent, which may indicate that under this level of exposure there is no cell proliferation in the tissue and/or cell emigration. ANOVA tests confirm a highly significant effect of the concentration of the sponge extract on the development of explants (Table 1 ). The differences between the experiments conducted on different days were also statistically significant (Table 1 ), suggesting variation in individual rat physiological characteristics. In the controls, differences between relative growth values (RG, see formula in section 3.3) for the tissues taken from different animals were as high as 1.5-fold. For instance, RG values were 1.6 ± 0.054 and 1.02 ± 0.032 (P = 0.0004) for the rats used on 17 and 19 July 2017, respectively. However, at an extract concentration of 2 mg/mL this parameter showed no significant difference between experiments and, therefore, between the specimens (P ˃ 0.77). In all experiments, despite different initial activity of tissues, the development of explants was equally suppressed by the sponge extract. This is confirmed by the lack of interaction between factors 'Concentration' and 'Number of experiment' (Table 1 ).
Discussion
The chemical nature of the substance or substances responsible for this effect is as yet unknown. This mixture could contain both the substances already extracted from the specimens of H. panicea living in the other regions of the world ocean, such as paniceins (Cimino, 1973) , streptophenazines (Kunz et al., 2014) , mayamycin (Schneemann et al., 2010) and several others (Indraningrat et al., 2016) , and as yet unknown substances. It is of interest that the effect of ESPs of the White Sea H. panicea on the larvae of the ascidian Styela rustica (Khalaman et al., 2008) is similar to that exerted by haliclonacyclamine A, a cytotoxic alkaloid extracted from the sponge Haliclona sp., on the larvae of the ascidian Herdmania curvata (Green et al., 2002) . In both cases, larval settlement is induced, but further development of the larvae is stopped to the extent that tissues may undergo necrosis. It should be noted that the cytostatic activity of the extract from the White Sea H. panicea is comparable, for instance, to extracts from the leaves of the tropical plant of the genus Hyptis, which are widely used in traditional medicine and are currently under active study (Ximenes et al., 2013; Cui et al., 2017) . Thus, the results of this study indicate that the water-soluble fraction of the extract from the White Sea sponge H. panicea has at least a cytostatic effect on live tissues, which may be of interest for development of new anti-cancer drugs. 
